Introduction
Late orogenic times are key periods in mountain belt evolution, when the continental lithosphere acquires a new structure that will control further evolution, including its reworking in new orogens. The continental crust is particularly modified by late orogenic magmatism and tectonism. Bimodal magmatism is widespread, and results primarily from partial melting of the crust and underlying mantle [Bonin, 2004] . The magmas evolving from mantle melts are commonly potassium-rich [High Potassium Calc Alcaline: HKCA, e.g. Liégeois et al., 1998 ], but the mechanisms associated with this enrichment are still a matter of discussion [Gibson et al., 1993; Liégeois et al., 1998; Miller et al., 1999; Pecerillo and Martinotti, 2006] . This magmatism is coeval with a change in the tectonic regime, from regional compression to strike-slip, then extensional regime, that precedes the tectonic quiescence [e.g. Blès et al., 1989] . The strike-slip regime generates numerous vertical faults that cross-cut the orogenic structures.
At the end of the Variscan orogeny, Westphalian synkinematic plutonism accommodated extension parallel to the mountain belt [Faure, 1995] . Before the widespread post-orogenic Permian extension, the Stephanian period represents a transition with numerous strike-slip faults and associated intracontinental coal-bearing basins. In the French Massif central, the Sillon Houiller is one of these strike-slip faults ( Fig. 1) , coeval to the formation of numerous deep and narrow Stephanian basins first infilled with potassic volcanism [Letourneur, 1953] .
Potassic volcanism is also known in other Stephanian basins, as for example along the Argentat fault in the western part of the Massif central (Fig. 1 ). These two faults meet together in the southwestern Massif central, where a comparison of these late orogenic potassic volcanism in coeval strike-slip and extensional basins can be done.
Geological setting
The present study focuses on the volcanism located in the Decazeville basin, at the southern termination of the Sillon Houiller, and in Figeac and Lacapelle-Marival basins along the Argentat fault.
The Sillon Houiller fault is a 270 km-long, nearly N-S to NNE-SSW striking left-lateral fault, which crosses the entire Massif central (Fig. 1) . The cumulated horizontal displacement has been estimated as ranging from 70 to 100 kilometres [Grolier and Letourneur, 1968] . This fault has been considered as a transfer fault accommodating differences between NW-SE and NE-SW extension directions on its western and eastern sides [Burg et al., 1990] . However, this interpretation is not supported by the age of extension, which is Namurian-Westphalian for the western NW-SE trend and Stephanian-Autunian for the NE-SW extension [Faure, 1995] . Nevertheless, due to its NNE-SSW trend and connection with coeval Stephanian basins, the Sillon Houiller fault can be considered either as a transfer [Faure, 1995] or transform fault [Basile, 2006] in Stephanian times. The formation of the Decazeville basin was tectonically controlled by its horsetail splay termination in a transtensional regime [Basile, 2006] . In the lowermost part of the basin infilling, a thick volcanic complex overlies coarse conglomerates (Fig. 1) . The upper part of the 1 800 m-thick sedimentary cross-section is almost devoid of volcanism, expressed only by a few thin layers of tuffs intercalated in lacustrine to deltaic continental sediments.
The Argentat fault is a 160 km-long curved fault in the western part of the Massif central, running from the Bosmoreau Carboniferous basin to the north and the Decazeville basin to the south (Fig. 1 ). This fault strikes N-S in its northern part and NW-SE in its southern part. The Argentat fault first acted as a right-lateral ductile normal fault, then as a brittle strike-slip fault during the Late Carboniferous [Feix et al., 1987; Roig et al., 1997] . Figeac, St Perdoux and Lacapelle-Marival represent the southernmost basins associated with this fault (Fig. 1) . They are not directly bound by the Argentat fault, but appear as the Argentat basin located on a basement flexure [Genna et al., 1998 ]. Due to of Mesozoic sedimentary cover, the connection between Figeac and Lacapelle-Marival basins is presently hidden (Fig. 1) , but both basins probably belong to a single one whose remnants were drilled below the Mesozoic sediments [Lefavrais-Raymond et al., 1990] . As for the Decazeville basin, the 300 to 400 m-thick volcanic complex is located at the base of the basin infilling, overlain by coarse detrital sediments. Numerous NW-SE-trending feeder dikes also cross-cut the basement close to the Lacapelle-Marival basin ( Fig. 1) , providing evidence for a NE-SW extension during volcanism and basin subsidence.
In these basins, sediments are middle Stephanian (Stephanian B) in age, with early
Stephanian ages (A) suspected in the St Perdoux basin, and the base of late Stephanian (C) observed in the Decazeville basin ( Fig. 1) [Vetter, 1968] . Permian sediments unconformably overlay Stephanian beds in the eastern part of the Decazeville basin. They were also found in the Figeac basin [Lefavrais-Raymond et al., 1990] . The age of volcanism is also assummed to be Stephanian, but this age is controversial in the Decazeville basin. From palynology, the older sediments were dated as the base of middle Stephanian [Vetter, 1968] , whereas U-Pb dating on unlocated volcanic zircons provided an older Visean age [333 Ma, Bruguier et al., 1998 ].
Volcanism is expressed as basalts, intermediate or felsic rocks, mainly as lava flows, but also as ejecta and numerous dikes in the crystalline basement. Morre [1966] and Morre and Quesnel [1967] emphasized the potassium-rich character of these lava, especially in intermediate rocks in which K 2 O ranges from 6 to 11%.
-In the northern part of Decazeville basin, samples were collected from two areas (Fig. 1) , the Bouran section along the D963 road (samples CLB95-1 to -8), and the Lot river banks on either side of Livinhac bridge (CLB95-9 to -17, and CLB96-1). The Bourran section consists of volcaniclastic rocks and volcanic flows conformably overlain by detrital sediments [Campagnac unit, Vetter, 1968] . The graded bedded volcaniclastic rocks rest unconformably on Variscan micaschists, and consist of breccias and lapilli-tuffs, interlayered with massive volcanic flows. The breccias are composed of meter-sized volcanic blocks caught in a tuffaceous matrix while the lapilli-tuffs include centimeter-sized angular volcanic fragments.
The lapilli-tuffs locally grade to millimeter-sized crystal tuffs. Near Livinhac, massive basalts are exposed on both sides of the Lot river. The northern outcrop is cross-cutted by a porphyric dike (CLB95-17).
-In the Figeac area, two sections were sampled, East (Célé) and North (Planioles) of the city, respectively ( 
Petrography and mineralogy
The studied volcanic rocks are frequently severely weathered. Plagioclase is often replaced by albite or sericite, or even quartz and epidote. Olivine is transformed to iddingsite, serpentine or smectites. Orthopyroxene and clinopyroxene remain more commonly fresh. When preserved (CLB95-5, CLB95-16, CLB96-1, CLB96-3), plagioclase composition of mafic volcanic rocks varies from Ca-rich cores ) to Na-rich rims (Grenoble), after acid dissolution, using the procedures described by Barrat et al. [1996] .
Standards used for the analyses were JB2, WSE, BIR-1, JR1, and BHVO.
Sr and Nd isotopic ratios were measured at the Laboratoire de Géochimie isotopique de l'Université Paul Sabatier (Toulouse), on a Finnigan MAT261 multicollector mass spectrometer using the analytical procedures of Lapierre et al. [1997] . 
Alteration and elemental mobility
Most of the analysed rocks have a loss on ignition lower than 6% (LOI, tabl. I), due to the presence of calcite-or smectites-filled vesicules. Moreover, the altered nature of the studied Carboniferous volcanic rocks means that before any petrological inferences can be drawn from their chemistry, possible effects of subsolidus transformations must be considered.
As Zirconium (Zr) is considered to be immobile during low-grade alteration of igneous rocks of mafic to felsic composition by hydrothermal fluids [Gibson et al., 1982] , it has been used ot test the mobility of minor (TiO 2 Because K is highly mobile during alteration and low grade metamorphism processes, we cannot rely on the K contents of the Carboniferous volcanic rocks (half of the samples have K contents from 6 to 12%) to infer calc-alkaline or shoshonitic affinities. Müller et al. [1992] proposed a Th/Yb versus Ta/Yb correlation diagram to discriminate arc-tholeiites, calcalkaline and shoshonitic suites. As shown in figure 4 , most of the Carboniferous volcanic rocks fall in the shoshonitic field, with the exception of 95-17 andesite/basalt which fall in the calc-alkaline field. In this plot the most SiO2-rich samples exhibit a more shoshonitic affinity.
Trace-element geochemistry [Keppler, 1996; Tatsumi and Kogiso, 1997; Beccaluva et al., 2004] . All samples also show negative Eu anomalies (0.38 < Eu/Eu* < 0.84). These anomalies suggest an early fractionation of plagioclase during magma differentiation. The most SiO2-rich rocks (e.g. samples CLB95-1 and -6 in Bourran) are commonly less enriched than mafic rocks (e.g.
samples CLB95-4 and -8 in Bourran), especially for HREE ( Figure 5 ). This suggests again that these lavas cannot result from fractional crystallisation of basalts.
There are no significative differences between the sampling sites, with the exception of negative Ce anomalies (0.67 ≤ Ce/Ce* ≤ 0.38) for four rhyodacites from the southern part of Lacapelle-Marival basin (CLB96-6, CLB96-10 to -12). Two rhyodacites from Decazeville The occurence of mafic rocks implies partial melting of the mantle. As the most SiO2-rich rocks display REE spectrums that are less enriched in LREE than mafic rocks, they can not be linked together only by crystal fractionation processes. However, as they present similar characteristics, all these lavas may have been formed from similar sources and similar mechanisms. All these rocks belong to a shoshonitic suite, characterized by the absence of Ti and Fe enrichment during crystal fractionation. This is a classical feature of hydrous melts [Gill, 1981] . Similarly, as Nb and Ta are insoluble in water, their negative anomalies in primitive mantle-normalized plots can also result from a mantle source metasomatised by water.
As shown by the occurence of sedimentary xenoliths in these lavas, the positive U, Th and Pb anomalies may be explained by contamination by continental crust, while the negative Ce Initial fractionation of apatite from these melts can explain the P negative anomalies.
Similarly, the negative anomalies in Ti, Eu and Y can be explained by early fractionation of Houiller fault, and to extension or right-lateral transtension along the Argentat fault. This seems to be the main tectonic regime at the time of the infilling of the Stephanian basins along these faults [Basile, 2006] . As the same volcanism systematically occurred in all the basins along the Sillon Houiller fault [Letourneur, 1953] , it can be proposed that the Lacapelle- [Innocent et al., 1994; Rottura et al., 1998; Cannic et al., 2002; ] . It is noteworthy that these geochemical characteristics were homegeneous during a large time span and in various parts of the Variscan belt.
The origin of potassic late-orogenic magmatism is still a matter of debate [Gibson et al., 1993; Liégeois et al., 1998; Miller et al., 1999; Pecerillo and Martinotti, 2006 ].
-As this magmatism indicates a hydrous melt, some authors [e.g. Stampfli, 1996] proposed that it was generated in an active subduction or back-arc setting. However no subduction was active in this part of the Variscan belt at that time, the studied Stephanian volcanism can therefore not be directly linked to subduction processes.
-More frequently, the geochemical patterns of potassic late-orogenic magmatism have been explained by contamination, either by crustal contamination during magma ascent, or more probably by mantle metasomatism before melting, as indicated by the systematic and homogeneous character of contamination. Up to now, this metasomatism has been considered to be inherited from a suprasubduction position, either in the same orogenic cycle, or during previous subductions [e.g. Miller et al., 1999] .
The southern part of the Variscan orogeny results from continental collision following a northward subduction, whose remnants are found in the French Massif central [Matte, 1986 [Matte, , 2001 ]. However, the southernmost part of the French Massif central as well as the Pyrénées belong to the subducting plate, and its underlying mantle was not in a suprasubduction position, and could not be metasomatised by a Variscan subduction. However, this does not exclude older (Precambrian) metasomatism processes.
If the mantle was previously metasomatised, the main mechanism proposed to explain its melting in a post-orogenic setting is lithospheric thinning, inducing mantle decompression [e.g. Gibson et al., 1993; Innocent et al., 1994; Rottura et al., 1998 ]. However, the Stephanian volcanism occurred in a strike-slip tectonic regime in the French Massif central, and before the main Permian extension that ended the variscan orogenic cycle [Ménard and Molnar, 1988 ].
-We propose an alternative mechanism, controlled by lithospheric-scale strike-slip faulting, to explain both mantle metasomatism and mantle melting generating the potassic late-orogenic volcanism. At the end of the orogeny, the various parts of the mountain belt differ by their crustal and lithospheric thicknesses, thermal gradients, rock nature and geological history. As observed in the Ivrea body, hydrous metasediments can occur in the lower crust at the end of the Variscan orogeny [Harlov and Forster, 2002] .
As the late-orogenic strike-slip faults cross the orogenic zonation with some tens or hundreds kilometres of horizontal slipping, these bring into contact different parts of the mountain belt. Sample sets as a function of location (cf. Fig. 1 ). [Sun and McDonough, 1989] . Les échantillons sont regroupés en fonction de leur localisation (cf. Fig. 1 ).
Figure 5: Spectres de terres rares normalisés aux chondrites
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Figure 6: Spidergrams normalisés au manteau primitif
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